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Two independent indirect manifestations of Galactic gamma-ray bursts (GRBs) are consid- 
ered, whose importance for gamma-ray astronomy will depend on a still poorly known - though 
astrophysically important - parameter, namely the GRB repetition timescale in a Galaxy like 
ours. Both phenomena are expected to lead to observational constrains about this timescale. 
The first one relates to the Compton scattering of the GRB gamma-rays in the disk of the 
Galaxy, and the second one to the long-term annihilation pattern of positrons produced just 
ahead of the ultra-relativistic plasma, by photo-pair production. 

1 Introduction 

There is an ongoing debate in the gamma-ray burst (GRB) community, concerning the typical 
timescale AtcRB between two successive GRBs in a galaxy like ours. If one knew for sure the 
progenitors and which astrophysical mechanism actually produced the GRBs, this timescale 
could be estimated theoretically. For the time being, however, it goes the other way round: one 
tries to constrain AtGRB observationally to gain an insight into the mechanism at work. 

The rate of observable GRBs, as derived from the BATSE catalogue^ is of the order of 
10^''yr~^ per galaxy: we would see a Galactic GRB every 10 Myr or so. Taking into account 
a beaming factor of 50-50ol^l^, this would translate into an actual GRB rate of one every 20- 
200 kyr. If the jets are structured^ rather than homogeneous, 3-10 times more GRBs could be 
observed, leaving the actual rate around one every 10^-10*^ yrl^. On the other hand. Wick et 
al.l^ argue for a higher frequency, with AtcRB around 3-10 kyr. A further complication is that 
the GRB rate of course depends on what we call a "GRB" ! Analysing the HETE-2 data. Lamb 
et o/.^ recently proposed a uniform jet model unifying X-ray flashes and GRBs. It implies less 
energetic, but on the other hand more frequent GRBs. The repetition timescale could thus be as 
low as 10'^ years or even less, i.e. roughly similar to that of the Type-Ic core collapse supernovae. 
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Figure 1; Light curves of GRB Compton trails, for various GRB distances and orientations in the Galaxy. 

As can be seen, AtcRB remains a very uncertain, though crucial parameter, with a value 
probably somewhere between 10^ and 10^ yr. We discuss below two astrophysical processes 
which should make Galactic GRBs indirectly visible long after their explosion, independently of 
their beam direction, so that a constraint on their actual rate could be derived. 

2 The Compton trails of GRBs 

We first discuss the generation of a so-called Compton trail along the path of the GRB photons 
on their way out of the Galaxy." The idea is that the 7-rays emitted during the burst are in 
principle subject to Compton scattering as they interact with the ambient electrons (either free 
or bound to a nucleus in the interstellar medium), and can thus be re-emitted in all directions, 
to be observed from anywhere in the Galaxy long after their emission from the GRB. 

Let us consider a "typical GRB" emitting photons with a mean energy of = 200 keV, for 
a total of i?GRB = E^i x 10^^ erg. This corresponds to a huge number of photons, of the order 
of ~ 3 10^'' £"51! If ric = no X 1 cm~^ is the typical electron density in the ISM, an estimate 
of the Compton-scattered flux from a GRB exploding at a distance D is then: 

^ ^ ^ (0.52phcm-2 s-i) x ^smol^kpc- (1) 

For Galactic GRBs, with -Dkpc ~ 3-15 kpc, say, such a flux is far above the detection 
thresholds of 7-ray satellites. It should also be noted that for ne = lcm~^, the Compton depth 
of the Galaxy is ~ 2 x 10~^ per kpc, which means that the fraction of GRB photons which 
are Compton scattered is always small, even if they propagate over several kiloparsecs along 
the Galactic plane. For this reason, we can neglect multiple scattering and consider that the 
primary 7-ray beam is not affected at all by the process. 

The above indirect manifestation of the GRBs is what we call a Compton trail. While the 
prompt emission is observable during at most a hundred second or so - and only if the observer 
is inside the emission cone! - the Compton trail can be seen from anywhere in the Galaxy, all 
along the journey of the photons out of the disk. The scattered flux essentially drops simply 
when there is no target electrons anymore. For a disk thickness of 300 pc, say, it will take roughly 
1000 years if the emission cone is perpendicular to the disk, 2 times more if it is inclined by 60°, 



"Note that these have nothing to do with the "Compton tails" discussed by Barbiellini elsewhere in this volume. 




ellipsoid of revolution 

(with the GRB and the Earth as focals) 



Figure 2: A schematic view of the Compton trail geometry, as discussed in the text. 



and up to 10^ years for GRB axes within the disk. More detailed 3D calculations including a 
realistic model of the gas distribution in the Galaxy and of the GRB primary spectrum can be 
found in our papeiP^ A few examples of the expected light curves are shown in Fig. ^ 

A simple geometrical argument allows one to determine the shape of the emission region at 
any given time, t, after the explosion: it is the intersection of the GRB emission cone and the 
ellipsoid of revolution defined by GM + ME = ct, the foci of which are the GRB central object, 
G, and the Earth, E (see Fig. [21). As seen from Earth, this shows up as a filled ellipse on the 
sky (with intensity contrasts reflecting directly the local ISM density structure). We therefore 
suggest that such ellipses should be looked for in the 7-ray data. If one is found, then one should 
also look for its counterpart (from the other half of the GRB cone) and then locate geometrically 
the GRB remnant for further studies. Note that if no such Compton trail ellipse can be found, 
a lower limit on the time passed since the last GRB explosion in our Galaxy may be derived, 
and hence a constraint on AtGRB • Given the typical light curves on Fig. ^ the Compton trails 
appear to be very interesting to explore low values of this parameter, up to 10'^ yr or so. 

3 Positrons from GRBs and the 511 keV emission from the Galactic bulge 

Another indirect manifestation of GRBs is the annihilation of positrons produced just ahead of 
the relativistic fireball, when primary photons which are Compton backscattered by the ion ized 
medium upstream interact with subsequent GRB photons via 'y y pa ir-production inter action j.^ I -^-^ 
Assuming a rather conservative conversion efficiency, ^pair = 1%'r^the total number of positrons 
produced is ~ 6 10^^ ^51 (Cpair/0.01). In a m ore detailed study of the spectral modifications 
of GRBs by pair precursors, Meszaros et al^^ calculate a positron yield of ~ SW^^E^i, 
corresponding to ^pair ~ 5%. 

Furlanetto and Loeb have addressed the question of the annihilation of such positrons 
associated with a GRB exploding in a dense medium (molecular cloud), with n = n^Q x 30 cm~'^. 
They have shown that most of the annihilation signal would arise in the radiation phase of 
the associated supernova remnant expansion, when a dense shell forms. This would lead to an 
observable signal lasting for Tann ~ 10*^ ''^30^'^ y^- ^^GRB is smaller than this, such a signal 
should typically be observed in one or a few high mass star forming regions, i.e. in coincidence 
with superbubbles and/or OB associations. 



In a recent papeiV'"' we have studied the phenomenology of the annihilation of positrons 




associated with GRBs occurring around the Galactic center, and showed that it should be quite 
different. There, indeed, the formation of massive stars mostly occurs during phases of mini 
starburst^^. GRBs in the Galactic center are thus likely to explode in a superbubble-like 
environment in which we showeJ^I that the associated supernova shock dies before becoming 
radiative. The positrons thus cannot annihilate in the never-formed shell, and are free to diffuse 
away and fill the Bulge where they annihilate on timescales of ~ 10^ yr. Since this is longer 
than the repetition timescale of GRBs and of mini starbursts, a steady-state annihilation signal 
from the whole Galactic bulge is expected. 

We have shown in our pape^^that this process can match very naturally the pheno menology 
of the well-known, but still mysterious 511 keV emission from the Galactic bug provided 
that the mean time between GRBs occurring in the bulge if of AfcRB — SlO'^yr^^si (^pair/5%). 
This can be seen as an interesting constraint on the GRB repetition time (keeping in mind 
that the Galactic rate is probably 5-10 times larger than the bulge rate), as well as on the 
GRB-induced positron production mechanism. 

It has been suggested recently that the supernova associated with remnant W49B was in 
fact a GRB, which occurred 3000 years agc?^^ . The possibility of detecting the associated 
e''~e~ annihilation and/or Compton trail will be investigated in a forthcoming paper. 
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